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Introduction
============

Metal-on-metal hip resurfacing arthroplasty and large diameter head total hip arthroplasty have regained popularity during the past 10 years.[@ref1] [@ref2] [@ref3] [@ref4] In Australia, over 30 000 metal-on-metal hip replacements were carried out between 1999 and 2010 (population 21.5 million).[@ref5] Similarly, about 60 000 such operations have been carried out in England and Wales since 2003 (population 54.4 million).[@ref6] In the United States, the figure is closer to a million (population 308 million).[@ref7]

Recently, more complications involving wear of the metal-on-metal bearing surface have been detected.[@ref8] [@ref9] [@ref10] [@ref11] Metal debris can be dispersed throughout the body and has been found in the liver and spleen and in local and distant lymph nodes.[@ref12] [@ref13] Patients with metal-on-polyethylene bearings are also permanently exposed to chromium (Cr), cobalt (Co), and titanium (Ti). Metal debris from hip implants can be associated with chromosomal aberrations and DNA damage.[@ref14] [@ref15] [@ref16] There has been no reported increase in the risk of cancer after total hip arthroplasty with conventional metal-on-polyethylene or first generation metal-on-metal implants.[@ref17] [@ref18] First generation metal-on-metal total hip arthroplasty included implants such as McKee-Farrar. They were implanted mostly during 1960s and 1970s. Extensive wear of some modern metal-on-metal designs[@ref19] has questioned the safety compared with the first generation designs. Studies have shown short term increased serum concentrations of chromium and cobalt in patients with metal-on-metal hips.[@ref20]

Metal-on-metal implants have been widely used in Finland. The total number of hip resurfacings implanted in Finland (population 5.4 million) is more than twice the number in three other Nordic countries altogether (Sweden, Norway, Denmark, total population 18 million).[@ref21] We assessed the risk of cancer associated with primary metal-on-metal hip resurfacing arthroplasty and large diameter head metal-on-metal total hip arthroplasty in patients who underwent the procedure in 2001-10 by combining data from the Finnish Arthroplasty Register and the Finnish Cancer Registry.

Methods
=======

In this nationwide retrospective comparative register study patients were not directly contacted. We included only patients with primary or secondary osteoarthritis as a diagnosis and excluded patients with rheumatoid arthritis at baseline because they have a non-typical pattern of cancer.[@ref22] [@ref23]

The metal-on-metal cohort included all patients who had received metal-on-metal hip resurfacings and large diameter head metal-on-metal total hip designs that had been used at least 20 times from 2001 to 2010. Patients who underwent metal-on-polyethylene, ceramic-on-polyethylene, or ceramic-on ceramic total hip arthroplasty during the study period were the reference cohort (non-metal-on-metal cohort) so we could determine how much of the increased or decreased risk of cancer is because of patient selection and how much might be related to the type of the implant. The metal-on-metal cohort comprised 10 728 patients and the non-metal-on-metal cohort comprised 18 235 patients (see supplementary tables A and B in the appendix). The femoral component of all hip resurfacings was always cemented. The acetabulum component of all hip resurfacings was always uncemented. All large diameter head metal-on-metal total hips were uncemented. There were 12 051 cemented (66%) and 6184 (34%) uncemented total hips in the non-metal-on-metal cohort. The names and materials of the implants included are shown in supplementary table B in the appendix).

Follow-up and statistical analysis
----------------------------------

Since 1980, the Finnish Arthroplasty Register has been collecting information on total hip replacements.[@ref24] Healthcare authorities, institutions, and orthopaedic units are obliged to provide the National Institute for Health and Welfare with information essential for maintenance of the register. Since 1995, the data in the register have been compared with data on hospital discharge registers every few years. Currently, 98% of implants are recorded in the Finnish Arthroplasty Register (M Peltola, personal communication, 2012).

We linked data from the Finnish Arthroplasty Register with data from the Finnish Cancer Registry using the personal identity codes given to every resident of Finland since 1967. Dates of death or emigration were obtained from the Population Register Centre. The patients were followed up for cancer incidence from the date of the first operation until death or until 31 December 2010. There were no losses to follow-up. Follow-up did not stop at the date of first diagnosis of cancer, and so all primary cancers diagnosed during the follow-up were counted as observed cases and included in the reference incidence rates.

The number of observed cases for each cancer and person years at follow-up were stratified by sex, calendar period, and five year age group and follow-up time since the operation. The calendar periods used were 2001-05 and 2006-10 and the follow-up categories were less than two years or two years and more since the operation. The expected number of each type of cancer was calculated by applying the number of person years in each stratum to the corresponding incidence rate for cancer in the Finnish population. The relative risk of cancer was expressed as the ratio of observed to expected number of cases---that is, the standardised incidence ratio. We used the risk ratio of the two standardised incidence ratios (SIR/SIR-ratio) to compare the metal-on-metal and the non-metal-on-metal cohorts. For the 95% confidence intervals, we assumed that the number of observed cases followed a Poisson distribution.

We also carried out a Poisson regression analysis to compare the cancer risk in the metal-on-metal and non-metal-on-metal cohorts for all cancers, soft tissue sarcomas, and basal cell carcinoma. We chose soft tissue sarcomas and basal cell carcinoma for Poisson regression according to the results in the analyses of standardised incidence ratios. Besides soft tissue sarcomas and basal cell carcinoma, we examined 12 other cancer types in analyses of standardised incidence ratios and found non-significant results. In Poisson regression analyses of all cancers, soft tissue sarcoma, and basal cell carcinoma, we stratified age in 10 year categories and follow-up time in three categories (\<2, 2-5, and ≥5 years since the operation). We also added sex into the model.

Results
=======

The metal-on-metal cohort included 38 577 person years (table 1[](#tbl1){ref-type="table"}). The proportion of men was 59%. The mean follow-up was 3.6 years in the metal-on-metal cohort and 5.1 years in the non-metal-on-metal cohort.

###### 

 Number of patients with hip arthroplasty according to type of implant and age at operation and number of person years

  Age (years)   Metal-on-metal cohort            Non-metal-on-metal cohort\*                                                  
  ------------- ----------------------- -------- ----------------------------- ------ -------- -- ------ -------- -- -------- --------
  0-9           1                       1                                      ---    ---         ---    ---         ---      ---
  10-19         5                       12                                     3      15          ---    ---         ---      ---
  20-29         25                      86                                     16     49          4      15          7        20
  30-39         158                     385                                    67     210         30     95          20       74
  40-49         741                     2399                                   468    1326        143    562         157      449
  50-59         2275                    7144                                   1642   5236        850    3076        922      3383
  60-69         2257                    9293                                   1581   6431        2261   9983        2739     11 076
  70-79         762                     3240                                   594    2287        3044   16 530      5394     25 719
  ≥80           65                      254                                    48     208         697    6153        1954     16 071
  Total         6289                    22 813                                 4419   15 764      7029   36 413      11 193   56 792

\*Metal-on-polyethylene, ceramic-on-polyethylene, and ceramic-on-ceramic bearing surfaces.

The overall number of cases of cancer in the metal-on-metal cohort was no larger than the expected number of cancers in the Finnish population (378 observed *v* 400 expected cases, standardised incidence ratio 0.95 (95% confidence 0.85 to 1.04) (table 2[](#tbl2){ref-type="table"}). The overall risk of cancer in the metal-on-metal cohort was also no higher than in the non-metal-on-metal cohort (relative risk 0.92, 0.81 to 1.05).

###### 

 Observed and expected numbers of cases of cancer in Finnish population and standardised incidence ratios (SIR) with 95% confidence intervals in patients with hip arthroplasty according to type of implant and site of cancer

  Primary site             Metal-on-metal cohort         Non-metal-on-metal cohort\*                      
  ------------------------ ----------------------- ----- ----------------------------- -- ------ -------- ---------------------------
  All sites                378                     400   0.95 (0.85 to 1.04)              1672   1601     1.04 (0.99 to 1.09)
  Stomach                  12                      10    1.26 (0.65 to 2.20)              46     4645.8   1.00 (0.73 to 1.33)
  Colon                    17                      22    0.79 (0.46 to 1.25)              97     111      0.88 (0.71 to 1.07)
  Lung                     23                      40    0.58 (0.37 to 0.86\*\*)          104    154      0.68 (0.55 to 0.81\*\*\*)
  Uterus                   10                      10    1.01 (0.48 to 1.85)              49     49       1.00 (0.74 to 1.32)
  Prostate                 109                     92    1.18 (0.97 to 1.41)              292    283      1.03 (0.92 to 1.15)
  Kidney                   11                      13    0.85 (0.43 to 1.52)              52     51       1.02 (0.76 to 1.33)
  Bladder                  9                       13    0.68 (0.31 to 1.28)              70     60       1.17 (0.91 to 1.47)
  Soft tissue sarcoma      5                       2     2.18 (0.71 to 5.09)              9      9        0.97 (0.44 to 1.83)
  Non-Hodgkin's lymphoma   14                      16    0.89 (0.49 to 1.49)              76     63       1.21 (0.96 to 1.51)
  Hodgkin's lymphoma       1                       1     1.05 (0.03 to 5.85)              1      3        0.41 (0.01 to 2.25
  Multiple myeloma         4                       5     0.88 (0.24 to 2.25)              25     23       1.11 (0.72 to 1.63)
  Leukaemia                5                       7     0.69 (0.22 to 1.61)              31     32       0.96 (0.65 to 1.36)
  Melanoma                 19                      14    1.37 (0.82 to 2.13)              70     45       1.55 (1.21 to 1.95\*\*\*)
  Basal cell carcinoma     130                     95    1.37 (1.15 to 1.61\*\*\*)        504    475      1.06 (0.97 to 1.15)

\*Metal-on-polyethylene, ceramic-on-polyethylene, and ceramic-on-ceramic bearing surfaces.

\*\*P\<0.01.

\*\*\*P\<0.001.

Table 3 shows the results of the analysis of standardised incidence ratios between the metal-on-metal cohort and the non-metal-on-metal cohort[](#tbl3){ref-type="table"}.

###### 

  Ratios of standardised incidence ratios (95% confidence intervals) in patients with hip arthroplasty with metal-on-metal or non-metal-on-metal\* implants by site of cancer

                           Ratio (95% CI)
  ------------------------ ----------------------
  All sites                0.91 (0.81 to 1.01)
  Stomach                  1.26 (0.67 to 2.35)
  Colon                    0.90 (0.54 to 1.49)
  Lung                     0.86 (0.55 to 1.34)
  Prostate                 1.14 (0.92 to 1.42)
  Kidney                   0.84 (0.44 to 1.59)
  Bladder                  0.58 (0.29 to 1.15)
  Uterus                   1.01 (0.52 to 1.97)
  Soft tissue              2.25 (0.79 to 6.42)
  Non-Hodgkin's lymphoma   0.73 (0.42 to 1.29)
  Hodgkin's lymphoma       2.60 (0.27 to 24.90)
  Multiple myeloma         0.79 (0.29 to 2.18)
  Leukaemia                0.72 (0.29 to 1.79)
  Melanoma                 0.88 (0.53 to 1.46)
  Basal cell carcinoma     1.29 (1.07 to 1.57)

\*Metal-on-polyethylene, ceramic-on-polyethylene, and ceramic-on-ceramic bearing surfaces.

The incidence of lung cancer, both in the metal-on-metal and in the non-metal-on-metal cohorts, was significantly lower than in the comparable Finnish population (table 2[](#tbl2){ref-type="table"}). The standardised incidence ratio of the metal-on-metal cohort for lung cancer was only 0.42 (0.18 to 0.81) during the first two years after the operation (table 4[](#tbl4){ref-type="table"}).

###### 

 Observed and expected numbers of cases of cancer in Finnish population and standardised incidence ratios (SIR) with 95% confidence intervals by time since hip arthroplasty

                           \<2 years after operation         ≥2 years after operation                  
  ------------------------ --------------------------- ----- -------------------------- -- ----- ----- ----------------------
  All sites                183                         195   0.94 (0.81 to 1.07)           194   205   0.95 (0.83 to 1.09)
  Stomach                  4                           5     0.86 (0.23 to 2.20)           8     5     1.65 (0.71 to 3.26)
  Colon                    7                           11    0.67 (0.27 to 1.37)           10    11    0.90 (0.43 to 1.65)
  Lung                     8                           19    0.42 (0.18 to 0.81\*\*)       15    21    0.73 (0.41 to 1.20)
  Uterus                   3                           5     0.60 (0.12 to 1.76)           7     5     1.42 (0.57 to 2.92)
  Prostate                 56                          44    1.26 (0.95 to 1.64)           53    48    1.10 (0.83 to 1.44)
  Kidney                   4                           6     0.64 (0.17 to 1.62)           7     7     1.06 (0.43 to 2.18)
  Bladder                  7                           6     1.09 (0.44 to 2.24)           2     7     0.29 (0.04 to 1.05)
  Soft tissue              2                           1     1.78 (0.22 to 6.44)           3     1     2.56 (0.53 to 7.49)
  Non-Hodgkin's lymphoma   4                           8     0.52 (0.14 to 1.33)           10    8     1.24 (0.59 to 2.28)
  Hodgkin's lymphoma       0                           1     0.00 (0.00 to 7.83)           1     1     2.08 (0.05 to 11.59)
  Multiple myeloma         2                           2     0.90 (0.11 to 3.26)           2     2     0.86 (0.10 to 3.09)
  Leukaemia                2                           4     0.57 (0.07 to 2.05)           3     4     0.81 (0.17 to 2.36)
  Melanoma                 9                           7     1.33 (0.61 to 2.52)           10    7     1.40 (0.67 to 2.57)
  Basal cell carcinoma     68                          46    1.48 (1.15 to 1.87\*\*)       62    49    1.27 (0.98 to 1.63)

\*\*P\<0.01.

There were five soft tissue sarcomas in the metal-on-metal cohort (standardised incidence ratio 2.18, 0.71 to 5.09) (table 2[](#tbl2){ref-type="table"}). The risk of soft tissue sarcoma in the metal-on-metal cohort was higher than in the non-metal-on-metal cohort, but not significantly so (relative risk 2.69, 0.89 to 6.71). As we chose to look at soft tissue carcinoma from many possible types of cancer this could be a chance finding. There was also one uterus sarcoma in the metal-on-metal cohort, which was included in the category of uterine cancer, not soft tissue sarcoma. Supplementary table C in the appendix describes the cases of sarcoma in the metal-on-metal cohort.

The standardised incidence ratio of skin melanoma in the metal-on-metal cohort was 1.37 (0.82 to 2.13), but it was still lower than in the non-metal-on-metal cohort (1.55, 1.21 to 1.95) (table 2[](#tbl2){ref-type="table"}). The incidence of basal cell carcinoma in the metal-on-metal cohort was higher than the expected number of cancers from the Finnish population (1.37, 1.15 to 1.61) (table 2) and in the non-metal-on-metal cohort (relative risk 1.32, 1.06 to 1.66). As we chose to look at basal cell carcinomas from many possible types of cancer this could be a chance finding.

Discussion
==========

Conclusions and policy implications
-----------------------------------

This population based study shows that the overall short term risk of cancer is not increased in people with metal-on-metal hip implants. This finding is in accordance with previous findings with traditional total hip arthroplasty and first generation metal-on-metal-implants.[@ref17] [@ref18] [@ref25] [@ref26] The incidence of basal cell carcinoma in the metal-on-metal cohort, however, was increased compared with the average population and with the non-metal-on-metal cohort . The risk of soft tissue sarcoma of the metal-on-metal cohort was also increased, but not significantly so, compared with the risk in the non-metal-on-metal cohort. These increased risks of basal cell carcinoma and soft tissue sarcoma might be chance findings. We know that there is a 20-40 year latency period between the initiation and outcome for some solid malignant tumours, while promotion effects might be observed after a lag of only some years. Metal-on-metal hip replacements should be used cautiously, especially in young patients, until more data are available. These data will be updated on a yearly basis.

Strengths and limitations of study
----------------------------------

A strength of our study was the population based design with high numbers of patients with metal-on-metal implants. Weaknesses were the short follow-up time and the lack of information on potential confounding factors of risk of cancer such as smoking, which might affect the results.

Comparison with other studies
-----------------------------

The metallurgical and tribological properties of modern metal-on-metal implants are, in theory, superior to those of the first generation metal-on-metal-implants.[@ref27] There has been no increase in the risk of cancer in patients who underwent first generation metal-on-metal total hip arthroplasty, even in long term follow-up.[@ref18] The mode of failure of the McKee-Farrar prostheses was partly similar to that of the modern hip implants. McKee-Farrar prostheses were revised because of aseptic loosening[@ref28] and granulomas and metallosis. For modern metal-on-metal implants, the wear of bearing surfaces is a common reason for early revisions.[@ref8] [@ref9] [@ref10] [@ref11] Metallic debris has been found in lymphatic and bone marrow tissue distant from the hip some years after total hip arthroplasty.[@ref29] [@ref30] Serum concentrations of chromium and cobalt are higher after metal-on-metal total hip arthroplasty than after metal-on-polyethylene total hip arthroplasty.[@ref31] In early studies based on data including McKee-Farrar prostheses, there was an increased risk for lymphoma and leukaemia.[@ref32] [@ref33] This finding was not verified in the longer follow-up of the same cohorts.[@ref18] [@ref34] [@ref35] We also found no increased risk of haematopoietic cancers in patients with metal-on-metal implants in the current study.

Individuals with rheumatoid arthritis and other autoimmune diseases are at increased risk of non-Hodgkin's lymphoma and leukaemia.[@ref22] Substantial consumption of antirheumatic drugs can also affect the risk of cancer.[@ref23] Removal of patients with rheumatoid arthritis from the metal-on-metal and the reference cohorts could have caused bias in our results when we compared these cohorts with the Finnish population, which includes rheumatoid patients. We think, however, that this bias would be minute.

A low incidence of lung cancer in patients with conventional total hip arthroplasty[@ref17] [@ref25] [@ref26] [@ref36] and in patients with the first generation metal-on-metal total hip arthroplasty[@ref18] is a constant finding in epidemiological studies. The risk of osteoarthritis of the hip is lower in male smokers than in non-smokers.[@ref35] Current data support the earlier findings. Previous studies in patients undergoing metal-on-polyethylene total hip arthroplasty[@ref17] [@ref27] [@ref37] and first generation metal-on-metal total hip arthroplasty[@ref18] showed no increased risk of gastrointestinal cancers. This is in accordance with our findings. In a Swedish cohort study based on data from conventional total hip implants, there was an increased risk of renal cancer.[@ref38] This finding has not been verified in later studies in patients with metal-on-polyethylene total hip[@ref17] [@ref37] or first generation metal-on-metal[@ref18] implants. There was also no association between other cancers of the urinary tract and metal-on-metal total hip arthroplasty.[@ref18] The current data support these latest findings. According to our data, the incidence of prostate cancer was not increased either in the metal-on-metal cohort or in the metal-on-polyethylene, ceramic-on-polyethylene, and ceramic-on-ceramic cohort. This also agrees with findings of earlier studies.[@ref17] [@ref36] [@ref38]

Some[@ref26] [@ref36] [@ref37] [@ref38] but not all[@ref17] earlier studies found an association between the risk of melanoma and conventional total hip arthroplasty. The incidence of melanoma in the non-metal-on-metal cohort in our study was higher than in the Finnish general population. The incidence of melanoma in the metal-on-metal cohort was also increased, but not significantly so. These findings might be caused by survey bias. McKee-Farrar prostheses were not associated with any type of skin cancers.[@ref18] We found an increased risk of basal cell carcinoma in the metal-on-metal cohort. We are not aware that this has been reported before. As we looked at basal cell carcinomas, from many possible cancer types, this could be a chance finding. In previous studies on total hip arthroplasty patients, basal cell carcinoma has either not been registered at all or has been included in the category of other skin cancers.[@ref36] Our finding might reflect a diagnostic bias, and indeed we observed the highest standardised incidence ratio during the first two years after the operation. It has been stated, however, that there is an association between an increased concentration of metal ions because of hip resurfacing and reduced blood T cell count.[@ref39] CD4 lymphocytopenia, on the other hand, is a risk factor for basal cell carcinoma, at least in patients with organ transplant who have compromised immune systems.[@ref40]

The risk of soft tissue sarcoma in the metal-on-metal cohort was increased but not significantly so. As we looked at soft tissue sarcomas from many possible cancer types, this might be a chance finding. The total number of cases of sarcoma in the current study was small. None of the sarcomas in the metal-on-metal cohort were found in the hip joint near the implant. Only 52 cases of local sarcoma at the site of a hip prosthesis have been reported worldwide, including only five cases in patients with metal-on-metal-implants.[@ref41] [@ref42] Previous studies of conventional total hip arthroplasty or first generation metal-on-metal total hip arthroplasty have not found an increased risk of sarcoma.[@ref17] [@ref18] [@ref27] [@ref36] The sarcoma cases in our metal-on-metal cohort are described in supplementary table C in the appendix. All sarcomas found in patients with a metal-on-metal hip implant in Finland were diagnosed during the last three years of the follow-up (2008-10). Of the six sarcomas, one was included in the standardised incidence ratio analysis in uterine cancers and the five others in soft tissue. The patient with the uterus sarcoma had a baby at the age of 33, one year after arthroplasty. Longer follow-up is needed to assess the sarcoma issue.

### What is already known on this topic

1.  Metal debris from hip implants can be associated with chromosomal aberrations and DNA damage

2.  No increased risk of cancer has been found after conventional metal-on-polyethylene total hip arthroplasty

### What this study adds

1.  The overall risk of cancer in patients with metal-on-metal hip implants is not increased

2.  There is a suggestion of an increased risk of basal cell carcinoma and sarcoma at the early stage of follow-up, though this could be a chance finding
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